The putative helical lid of the Hsp70 peptide-binding domain is required for efficient preprotein translocation into mitochondria.
The mitochondrial Hsp70 (Ssc1) is an essential component of the preprotein import machinery, responsible for the unfolding and movement of polypeptide chains through the mitochondrial membranes into the matrix. Here, we have analyzed the role of the carboxy-terminal variable domain during the protein translocation reaction. This segment is thought to form an alpha-helical lid over the substrate binding site. Truncated Ssc1 molecules lacking parts or all of the lid region showed reduced binding to substrate proteins but were able to interact with the co-chaperone Mge1 and the inner membrane anchor Tim44. Deletions of the complete lid resulted in a lethal phenotype in vivo, caused by the inability to sustain a productive preprotein import function. The translocation defect in vitro was not overcome by artificial unfolding of the preprotein prior to the import reaction. Despite a reduced substrate affinity, the presence of a minimal lid segment in Ssc1 was sufficient to support preprotein import. However, at low reaction temperatures or low matrix ATP levels, protein import rates were significantly reduced due to an unproductive interaction with the preprotein in transit. We conclude that the carboxy-terminal domain performs a crucial role in the import process by enhancing the import motor function of Ssc1 during polypeptide translocation.